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and thereby tend to increase the amount of energy
required to produce the fracture, i.e., in other words,
to increase the toughness. On the other hand, the
existence of the large masses of free iron provides the
possibility of the presence of extensive and uninterrupted
gliding planes, which tend to allow a crack to propagate
itself with comparative ease. If the steel is not free to
distort, it is probable that the latter influence will be
paramount, and, therefore, that the steel will not show
any particular degree of toughness. Even if the steel
is free to distort, it is probable that the existence of the
gliding planes tends to reduce the toughness in a notable
degree.

Turning to the structure of the hardened steel as
shown in Fig. 30, it is evident that the conspicuous feature
of the structure of fully and correctly hardened steel is
its homogeneity. The solid solution in the steel possesses
a considerable tensile strength, but since it is composed
entirely of homogeneous crystals of solid solution, the
resistance to the spread of cracks (or the toughness of
the steel) is comparatively low. The steel is homogeneous,
and, therefore, the conditions which were shown to hold
for those parts of the crystals of the normalised steel
which were formed of free iron will hold also for the
solid solution, except that the hard steel does not distort
so easily as does the iron in the normalised steel. It
would be expected, as is known to be true, that hardened
steel, containing nothing but solid solution, would be by
no means tough.

The third type of structure is that presented by a
hardened and tempered steel. In Fig. 34 the structure
shown is that of a steel, which, after hardening, has been
tempered at a relatively high temperature, and this
particular structure has been chosen for purposes of
illustration, because it shows, on a scale which can be
appreciated optically (what is almost equally prevalent,
though not so obvious in all steels which have been
tempered), the particles of precipitated carbide which